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Field of the invention ^- . , 

The present invention relates to the sterilization of articles in gaseous plasmas and, nnor particularly, 
to the use of hydrogen peroxide In the plasma to kill microorganisms on surfaces and objects such as 
medical instruments. 

Background of the invention 

Various methods of sterilization have been used In the past for the stenlization of different types of 
articles including disposable and reusable medical equipment, foods and food containers. Sterilization by 
steam or by dry heat has been extensively used in the past Sterilization by heat, either wet or dry, ts not 
useful to sterilize materials that are adversely effected by such heat or steam. Ethylene oxide gas has also 
been used but suffers from the drawback that It may leave toxic residues on the articles to be sterilized, 
which may have adverse effects, particularly on patients who come into contact with such articles. The 
extended aeration cycles required to remove residual ethylene oxide from some sterilized items also makes 
ethylene oxide sterilization excessively long. „, . • ^ 

The use of plasma to sterilize containers was suggested in U.S.— A— 3,383,163. Plasma is an ionized 
body of gas which may be generated by the application of power from different sources. The ionized gas 
will contact microorganisms on the surfaces of the items to be sterilized and effectively destroy the 

20 microorganisms. • ^ i_ i x 

y S— A— 3,851,436 discloses the use of radio frequency generators to produce such plasmas trom 
inert gases such as argon, helium or xenon. U.S.— A— 3,948,601 also discloses the use of a radio frequency 
generated plasma which ionizes argon, nitrogen, oxygen, helium or xenon. The processes set forth in the 
above-mentioned patent require the direct contact of the plasma on the surface of the product to be 
25 sterilized, which product is not packaged at the time of sterilization. The commercial sterilization 
procedures used to sterilize disposable medical goods generally require that the medical goods be 
packaged prior to sterilization because of the possibility of contamination by microorganisms if the 
products are packaged subsequent to sterilization. ^ ^ 

US —A— 4,207,288 discloses a gas plasma sterilization system which uses glutaraldehyde as the gas 
30 Which is used in a plasma sterilization system. The item to be sterilized is placed in an unsealed container or 
oackage and then subjected to the sterilization cycle. When the sterilization cycle is completed, the 
containers are sealed. The container must be opened during the sterilization cycle to allow the gas to flow 
Into the interior of the package or container to allow contact of the gas with any microorganisms which may 
be on the surface of the item to be sterilized. ,„ ^ . , ^ 

y s,— A— 4,321,232 discloses a plasma sterilization system in which the item to be stennzed Is placed 
in a package made from a porous material. The gas used in the process is oxygen, and it is indicated that 
sterilization can be accomplished through the porous packaging within 60 minutes. 

y 5_^_^^8,357 discloses a plasma sterilization procedure using oxygen, nitrogen, helium, argon 
or freon as the gas. The pressure is pulsed, that is, the pressure within the container is alternately increased 
or decreased in a cyclic fashion. In addition, the plasma may be de-energized during the pressure fall 
Dortion of the pressure cycle to reduce the heating effect on the article to be sterilized. 

Japanese Application Disclosure JP— A— 1 03460-1983 discloses a plasma sterilization process in which 
the gas consists of nitrous oxide or a mixture of nitrous oxide with another gas such as oxygen, helium or 
argon It is stated that the process can be used to sterilize through packaging and, particulariy, packaging 
which is made from polyethylenetrtfluoride or polyethylenetetrafluoride resins or paper coated with these 

""^^Japanese Application Disclosure JP— A— 162276-1983 discloses the sterilization of foods using 
nitrogen oxide gas or mixtures of nitrogen oxide gas and ozone in a plasma. 

All of these prior sterilization systems have not been put into wide commercial use because of the 
limitations on the time required to effect sterilization, the temperature obtained in the sterilization process 
or the particular requirements of some of the processes that would require post-sterilization packaging. 

Hydrogen peroxide has been known to have bactericidal properties and has been used in solutions to 
kill bacteria on various surfaces. U.S.— A-^,437,567 discloses the use of aqueous hydrogen peroxide 
solutions at low concentrations, i.e., 0.01% to 0.10% by weight, to sterilize packaged products for medical 
55 or surgical use. At room temperature sterilization requires at least 15 days. At higher temperatures 
sterilization can be accomplished in approximately one day. . ^ 

y s —A— 4,169,123; 4,169,124 and 4,230,663 disclose the use of hydrogen peroxide in the gas phase at 
temoeratures below 80X and concentrations of 0.10 to 75 mg HjOa vapor/L for sterilization and 
disinfection. Depending upon concentration and t mperature,st rilization tim s are reported to vary from 

6Q 30 minutes t f ur hours. ^ . . , . . 

The use f ultraviolet radiati n with hydrog n per xid for improv d antimicrobial activity has been 
disci sed in U S —A— 4,366,1 25 and 4,289,728. The lack of penetration by UV radiation below the surface of 
the obiecl to be sterilized limits the application of this ffect to cl ar soluti ns or surfaces that can be 
dir ctly exposed t the radiati n. Objects in an opaque package, or objects in a clear package that absorbs 

55 UV light could not be steriliz d. 
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Food packaging materials sterilized with hydrogen peroxide contain hydrogen peroxide residuals that 
must be removed from the materials prior to use. U.S.— A— 4,368,081 discloses the use of antioxidants or 
reducing agents such as L-ascorbic acid to remove residual hydrogen peroxide from a steriliz d food 
package. 

The combination of hydrogen peroxide and plasma has heretofore not been used for sterilization. 

Summary of the invention 

The present invention employs the use of hydrogen peroxide as a precursor of the active species in a 
low temperature plasma sterilization system. The sterilization process provides an initial contact of the 
material to be sterilized with the hydrogen peroxide before the generation of plasma at a power level 
sufficient to achieve sterilization, said plasma containing specifically active species from hydrogen 
peroxide. It has been found that the use of an initial contact period with hydrogen peroxide significantly 
decreases the total time and power required to accomplish sterilization with low temperature pliasma. In 
addition, the use of the pre-treatment with hydrogen peroxide also allows sterilization to occur within many 
15 different types of packaging material. 

Since the decomposition products of H2O2 in plasma include water, oxygen and hydrogen, no toxic 
residues remain on the sterilized items after plasma treatment 

Brief description of the drawing 
20 Fig. 1 shows a schematic drawing of the plasma reactor used in the present invention. 

Detailed description of the invention 

The process of the present invention differs from prior art gas plasma sterilization processes in two 
important aspects. The first is the use of hydrogen peroxide vapor as a precursor of the reactive species 
25 rather than an inert gas such as oxygen, nitrogen, etc. The second major difference is the use of a pre- 
treatment time where the hydrogen peroxide vapor is allowed to contact the article to be sterilized prior to 
the application of the power at levels required to effect sterilization. In the present process, the article to be 
sterilized is placed in the plasma chamber, the chamber is closed and vacuum is drawn on the chamber to 
remove the gas that is in the chamber. An aqueous solution of hydrogen peroxide is then injected into the 
30 chamber raising the pressure in the chamber to a level of approximately 0.1 • 10"^ to 13.3 • 10"^ bar (0.1 to 
10 Torr). The hydrogen peroxide remains in the chamber for a period of sufficient duration to allow the 
hydrogen peroxide to come in intimate contact with the item to be sterilized, normally five to 30 minutes, 
before the plasma is generated at a power level sufficient to achieve sterilization. The power then remains 
on for up to 50 minutes to allow complete sterilization, although sterilization can be effective in periods as 
short as 5 minutes from initial plasma generation, depending on the concentration of the hydrogen 
peroxide in the chamber and the power that is applied to the chamber. It is also possible to carry out the 
pre-treatment step outside of the plasma chamber. The object to be sterilized could be placed in a vacuum 
chamber in which plasma could not be generated. The chamber would be evacuated and the hydrogen 
peroxide injected into the vacuum chamber. The object to be sterilized would be kept in the vacuum 
chamber for the desired pre-treatment time and then placed In a plasma chamber and the plasma 
generated. 

The materials or objects to be sterilized by the present process may be packaged in various commonly 
employed packaging materials used for sterilized products. The preferred materials are spunbonded 

45 polyethylene packaging material commonly available under the trademark "TYVEK®" or composites of 
"T/VEK®" with a polyethylene terephtha late packaging material commonly available under the trademark 
"MYLAR®". Other similar packaging materials may also be employed. Paper packaging materials may also 
be used. With paper packaging, longer processing times may be required to achieve sterilization because of 
possible interactions of hydrogen peroxide and other reactive species with paper. 

so Plasmas are normally generated by electrical discharges in gases. Plasmas generated at atmospheric 
pressure or at higher pressures are called "arcs" or high temperature plasma and may involve 
temperatures in excess of 1000X. Plasmas generated at reduced pressures, i.e., 1.3 • 10'^ to 1.3 • 70'^ bar 
(10~^ to 10^ Torr), are called "glow discharge" or low temperature plasma and involve temperatures of a 
few tenths to a few hundred degrees Centigrade. The low temperature plasma of the present invention is 

55 preferably generated at pressures of less than 13.3 * 10'^ bar (10 Torr) and generally involves temperatures 
of less than lOO^C. 

When used in the present application, the term "plasma" is intended to include any portion of the gas 
or vapors which contains electrons, ions, free radicals, dissociated and/or excited atoms or molecules 
produced as a result of the applied electrical field including any accompanying radiation which might be 
60 produced. The applied field may cover a broad fr quency range, how ver, a radio frequency is commonly 
used. 

Plasma sterilization is usually carried out in a chamber 20 as illustrated in Rg. 1. The chamber includes 
a d or r opening 10 through which articles to be sterilized can be introduced. The chamber also includes 
an inlet 11 to inject gas into th chamber and a line 12 connected to a vacuum pump to enable the chamber 
65 to be evacuated. There Is a port 14 in the gas inlet line 11 to introduce the aqueous solution of hydrogen 
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peroxide Into the chamber 20. The chamber includes ratio frequency electrodes 13 which can be w und 
around the entire chamber or placed on the sides of the chamber and a radio fr quency g n rator to 
generate the requisite radio fr quency signal. Coupling of RF power from the output of the matching 
network to the discharge is accomplished by means of either a coil or a set of capacitor plates. These two 

S forms of coupling are referred to as inductive and capacitive coupling, respectively. Various control devices 
which control the generation of the radio frequency signal including function generators, RF power 
amplifiers/ wattmeter and matching network are also employed and are illustrated in Fig. 1. The matching 
network matches the input of the amplified RF signal into the coil. The plasma is generated by evacuating 
the chamber, introducing a gas or vaporized liquid and tuming on the power to the electrodes. The plasma 

JO is generated in the present process in the same, manner as in the previously-mentioned prior art plasma 
sterilization system. 

The plasma used in the present process may be continuous or pulsed, that is, the power may be 
applied continuously to the plasma or the plasma may be pulsed by activating the power in a cyclic manner 
while maintaining the pressure of the plasma constant. The use of a pulsed plasma prevents the 

15 overheating of the gas within the chamber as well as preventing the overheating of objects that may be 
desired to be sterilized. The pulsed sequence may vary over a fairiy wide range without the danger of 
overheating any object. Generally, the pulsing sequence is the ratio of power on to power off. For example 
with a 1 :2 pulsed plasma, power would be applied for 0.5 milliseconds and then turned off and applied 
again 1.0 nnilliseconds later. The particular pulsing sequence is not critical. The power may be applied for 

20 periods measured in minutes rather than seconds. The purpose of pulsing is to avoid overheating of the 
objects to be sterilized, and any pulsing sequence that avoids overheating and sterilizes in a reasonable 
time period may be employed. Continuous plasma may be employed if there is little danger of overheating 
the item to be sterilized. 

As previously Indicated, in the present process the hydrogen peroxide is injected into the plasma 
25 chamber prior to the application of the power necessary to sterilize. The hydrogen peroxide is injected in 
the form of an aqueous solution of hydrogen peroxide containing from about 3% to 20% by weight of 
hydrogen peroxide. The concentration of hydrogen peroxide vapor in the chamber may range from 0.05 to 
10 mg of hydrogen peroxide per liter of chamber volume. The higher concentrations of hydrogen peroxide 
will result in shorter sterilization times. A concentration of 0.125 mg per liter is the minimum preferred 
30 concentration of hydrogen peroxide. Air or an inert gas such as argon, helium, nitrogen, neon or xenon 
may be added to the chamber with the hydrogen peroxide to maintain the pressure in the chamber at the 
desired level. The hydrogen peroxide solution may be injected in one or more separate injections. For 
example, at time "zero" one-half of the total amount of hydrogen peroxide solution to be used could be 
injected into the chamber, and five minutes later the remainder of the hydrogen peroxide solution can be 
55 injected. The hydrogen peroxide would then remain in the chamber before power was applied for an 
additional five to ten minutes. Apparentiy, the pre-treatment time allows the hydrogen peroxide to diffuse 
through the packaging material and come into close proximity, if not contact, with the surface of the item to 
be sterilized. Upon the application of power to the radio frequency generator, sporicldally active species are 
generated by the combination of hydrogen peroxide and plasma, and, therefore, the time required to effect 
sterilization is shorter than in prior art processes. It is possible to generate plasma at low power levels 
during the pre-treatment cycle, but there is no particular advantage in applying power during the pre- 
treatment cycle. 

Although the exact mechanism of the sporicidal activity is not known with certainty, In an electrical 
discharge hydrogen peroxide can be dissociated into free radicals, i.e., OH, O2H, H (M. Venugopalan and A. 
Shih, Plasma Chemistry and Plasma Processing, Vol. 1, No. 2, pages 191—199, 1981). These free radicals, 
either alone or in combination with hydrogen peroxide, are probably the primary source of sporicidal 
activity. Ultraviolet radiation is also produced in a low temperature plasma and may play a role in sporicidal 
acativity, especially in the presence of hydrogen peroxide. 

The general operation of the present process of plasma sterilization by using hydrogen peroxide as a 
50 precursor of the active species in the plasma comprises the steps as follows: 

1) The object or article to be sterilized is placed in a vacuum chamber or into the plasma chamber. 

2) The chamber is evacuated to a pressure of approximately 0.1 • 10"^ bar (0.05 Torr). 

3) An aqueous solution of hydrogen peroxide is injected into the chamber to a pressure of vaporized 
water and hydrogen peroxide of from 0.7 • 10"^ to 13.3 • 10"^ bar (0.5 to 10 Torr). The preferred pressure is 

55 from 1.3 • 10^^ to 2.7 • 10"^ bar (1 to 2 Torr). The concentration of the hydrogen peroxide injected into the 
chamber may be from about 0.05 to 10 mg/liter of chamber volume. The preferred concentration is 0.208 

"^^'^ArThe object to be sterilized Is held in the chamber before plasma with sufficient power to sterilize is 
generated f r a period of from about 5 to 30 minutes. This period is referred to herein as the pre-treatment 
tim Pre-treatment times longer than 30 minutes may be mployed. The duration of the pre-tr atmenttime 
may depend n the type f package used, the number of items to be sterilized, and the placement of the 

items in the chamber. ... 

5) The bject t be sterillz d is subjected to a plasma either in the pre-treatment chamber or in a 
separate plasma chamber, said plasma containing sporicidally active species from hydrogen peroxide. 

6) The RF energy used to generate the plasma may be continuous or it may be pulsed. The object 
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remains in the plasma for a period of from 5 to 60 minutes to effect complete sterilization. 

Sine th hydrogen peroxide is decompos d into non-toxic products during the plasma treatment no 

additional steps are required to remove residual hydrogen peroxide from the sterilized obj ct or its 

paclcaging prior to use of the object. 
5 In the following examples, the effectiveness of the sterilization cycle is expressed as the ratio of the 

number of organisms surviving the test (S) to the initial number of organisms which were placed on the 

specimen prior to the test (SO). In all of these examples, the organism tested was Bacillus subttlis (van 

Giobigii) spores which were placed on paper discs and packaged in a spunbonded polyethylene package. 

All examples were conducted in a 5.5 liter plasma chamber operating at a frequency of 2.49 MHz, except for 
10 Example V which was conducted at a frequency of 3.89 MHz. 

Example 1 

Table 1 contains a comparison of the sporicidal activity of the present hydrogen peroxjde/plasma 
system to other prior art gases in the present plasma cycle. All tests were run under the same reaction 

16 conditions, i.e., 150 watts of pulsed plasma in a cycle of 0.5 milliseconds plasma on, 1.0 milliseconds 
plasma off for 15 minutes. All tests employed a 10 minute pre-treatment cycle with the gas listed in the 
Table. All p re-treatments and plasma treatments occurred at 2-10'^ bar (1.5 Torr) pressure. The 
glutaraldehyde and hydrogen peroxide pre-treatment cycle contained 0.208 mg/liter of glutaraldehyde and 
hydrogen peroxide, respectively. The results are expressed as S/SO in which S is the number of surviving 

20 organisms and SO is the initial number of organisms. 

TABLE I 

Sporicidal activity of HjOa/plasma system compared to other 
gas/plasma systems 

Sponcidal activity 
Gas S/SO 

O2 9.1X10V1.3X10®=0.72 

,0 N2O 4.9X10V1.6X 10^=0.31 

Glutaraldehyde 5.7xioVl.1 x 10^=0.52 

H2O2 0/3.4x10^=0 

Only the hydrogen peroxide/plasma system exhibited good sporicidal activity and sterilized the treated 
35 item. 

Example H 

The effect of hydrogen peroxide concentration in the plasma chamber on sporocidal activity was 
determined by pre-treating test samples with hydrogen peroxide vapor of different concentrations at 
40 1.3 • 10"^ bar (1.0 Torr) pressure for ten minutes. The treated samples were then exposed to 200 watts of 
pulsed plasma in a cycle of 0.5 milliseconds plasma on and 1.0 milliseconds plasma off for 15 minutes. Two 
controls^ one using only hydrogen peroxide and one using only water plasma, were also run. The results 
are shown in Table (1. 

45 TABLE II 

Effect of H2O2 concentration on sporicidal activity 

Sporicidal activity 



so 



55 



Cone. H2O2 


H2O2 Alone 


H2O2+ Plasma 


(mg HaOa/liter) 


(S/SO) 


(S/SO) 


0* 


1.0 


1.0 


.125 


1.0 


7.3x10-2 


.208 


1.0 


1.4x10-2 


.416 


1.0 


0** 


.625 


9.1x10-2 





60 'A plasma containing 4.16 mg HaO/liter was used in this test 

Total kill of 2.4x10® rganisms. 

No significant sporicidal activity was obtained with th wat r plasma treatment alone, r with H2O2 
al ne at concentrations below .625 mg/Iiter. However, a significant enhancement in sporicidal activity was 
65 obtained with the H202/piasma combination at all H2O2 concentration evaluated. 
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^'^'?h^ Jffect of pressure n sporicidal activity was determined using a hydrogen peroxide concentration 
of 0 M8 mgfliter and the same pre-tr atment and plasma cycle as in ExampI II. Th activity was 
Z\ Z^-^lA atoresautes of 0 7 • lO"', 1.3 • lO"'. 2 • 10"' and 2.7 • 10"' bar (0.5. 1.0. 1.5 and 2.0 1 rr). The 
5 SSS of 5?sma on^y and hydrogen peraxide only were also determined. The results of these 
experiments are reported in Table 111. 

TABLE 111 

Effect of pressure on sporicidal activity of HjOg plasma 
'° Sporicidal activity 



IS 



20 



Pressure 


Plasma only 


H2O2 Only 


HaOz+Piasma 


(Torr) 


(S/SO) 


(S/SO) 


(S/SO) 


0.5 
1.0 
1.5 
2.0 


6.0x10"^ 
6.7x10"^ 
2.8x10-^ 
2.4X10-' 


9.6x10-"' 
1.0 

3.9X10"' 
6.6x10-^ 


4.1x10-' 
1.4X10-* 

1.9X10-* 



♦ Total kill of 3.4x10^ organisms. 

A low level of activity was obtained with either plasma only or HgOa only at all pressures. The optimum 
25 activity with the H2O2 plus plasma system was obtained at 2.10-^ bar (1.5 Torr) pressure. 

The^ effect of plasma power on sporicidal activity was determined using a hydrogen peroxide 
concentration of 0.208 mg HgOa/liter at a pressure of 2 • 10"^ bar (1.5 Torr). The power levels were 50, 100, 
30 150 and 200 watts. The plasma was pulsed as in Example II, and the samples were pre-treated for 10 
minutes with the procedure used in Example II. Air plasma only and hydrogen peroxide only tests were 
also run. The results are shown in Table IV. 



35 



TABLE IV 

Effect of RF power level on sporicidal activity of air plasma 
and H2Q2 plus plasma 

Sporicidal activity 



45 



Power 


Plasma only 


HzOa+Plasma 


(Watts) 


(S/SO) 


(S/SO) 


0 


1.0 


4.0x10"' 


50 


4.0x10"' 


8.1X10"' 


100 


6.7x10"' • 


2.5x1 0"^ 


150 


2.4x10"' 


0* 


200 


3.9x10"' 


0* 



50 * Total kill of 1.8x10^ organisms. 

A low level of sporicidal activity was obtained with air plasma alone at all power loads evaluated. 
Significant sporicidal activity was obtained with the H2O2 plus plasma system at 100 watts power, and 
sterilization was achieved at 150 and 200 watts power. 



55 



The effect of plasma generation during the hydrogen peroxide pre-treatmenttime on sporicidal activity 
was determined using a hydrogen peroxide concentration of 0.208 mg HzOa^iter at a pressure of 2 « 10 
bar (1 5Torr). During the 10 minute hydrogen peroxide pre-treatmenttime 50, 75, 100, 125 and 150 watts of 
nnJer were applied at 3.89 MHz. The plasma was pulsed in a cycle of 0.5 millisec nds power n t 1.0 
mimLonds power off. Aft rth lOminut pre-treatment time, all samples were exp sed to 150 watts f 
power pulsed 0.5 millisec nds on to 1.0 milliseconds off for 15 minut s.Theresults f this test are shown in 
Table V. 
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TABLE V 

Effect of RF power level during pre-tr atment n sporicidal activity 
of HsOa plus plasma 



Power level 
during pretreatment 



Sporicidal 
activity 



(Watts) 



(S/SO) 



10 



15 



20 



25 



50 
75 
100 
125 
150 



9.4x10"^ 
1.2x10** 

1.0 

0.83 

0.94 



30 



35 



40 



45 



Significant sporicidal activity was obtained when low power levels, i.e., 50 and 75 watts, were applied 
durina the hydrogen peroxide pre-treatment time. At higher power levels, which would dissociate more of 
the hydrogen peroxide before it could diffuse to the sample, very limited sporicidal activity was observed. 

Cyarnnio VI 

The effect of pulsing the plasma power on the sporicidal activity was determined using a hydrogen 
peroxide concentration of 0.208 mg HaOa/liter and a pressure of 2 • 10 ^ bar (1.5 Torr). Samples were pre- 
treated with hydrogen peroxide for 10 minutes as in Example 11. Air plasma only and hydrogen peroxide 
only tests were also run. As in previous tests, the hydrogen peroxide only test gave an S/SO value of 
approximately 4.0 xlO'^ The results of the tests with 100 watts of continuous plasma for 5 minutes, and 
150 watts of plasma pulsed in a cycle of 0.5 milliseconds plasma on, and 1.0 milliseconds plasma off for 15 
minutes are .presented in Table VI. 

TABLE VI 

Effect of plasma pulsing on sporicidal activity 



Plasma 



Plasma only 



H2O2+ Plasma 



Condition 



(S/SO) 



(S/SO) 



5 minute 
100 watts 
Continuous 
Plasma 

15 minute 
150 watts 
1 :2 pulsed 
plasma 



3.4x10"^ 



2.4x10- 



0* 



» Total kill of 2.2x10^ organisms. 

The results of these tests illustrate that sterilization can be achieved within five minutes with a 
so continuous plasma treatment. 

^^The^ effect of repeat HaOg/plasma treatments on the sporicidal activity was determined using a 
hvdroaen peroxide concentration of 0.125 mg/liter and a pressure of 2 • 10"^ bar (1.5 Torr). Each treatment 
« cvcle consisted of a 10 minute pre-treatment time with H2O2 and a 15 minute exposure to 200 watts of 
pulsed plasma (0.5 milliseconds plasma on and 1.0 milliseconds plasma off). The effect of one and two 
treatment cycles are presented in Table VII. 
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TABLE VII 

Effect of number of HaOz/plasma cycles on sp ricidal activity 

Sporicidal activity 

5 

No. cycles H2O2 Alone Plasma alone HaOa+Plasma 



(S/SO) (S/SO) (S/SO) 

'0 1 5.9X10"^ 6.6x10"^ 8.8x10"' 

2 8.2x10"^ 1.8x10"^ 0* 

♦ Total kill of 2.5x10^ organisms. 

These results illustrate the sterilization can be achieved at low H2O2 concentrations by exposing the 
sample to two HzOj/plasma treatment cycles. 

The above examples demonstrate the effectiveness of the use of hydrogen peroxide as the precureor 
of the reactive species in a plasma sterilization process. The operating parameters of the process^ i.e., 
20 hydrogen peroxide concentration, pre-treatment cycle, power applied and time duration of plasma 
generation can be varied within fairly wide limits to produce an adequate sterilization cycle. The power 
applied or the hydrogen peroxide concentration may be reduced if the duration of plasma generation is 
Increased, and, similarly, the duration of the plasma generation can be decreased if the concentration of 
hydrogen peroxide or the power applied is increased. 

25 

Example VIII ^ . ^ . 

Because Items exposed to plasma increase in temperature, an experiment was conducted to compare 
the sporicidal activity obtained with hydrogen peroxide and heat to that obtained with hydrogen peroxide 
and plasma. This test was conducted by placing samples inside and outside a wire cage in the plasma 

30 chamber. Since metals effectively shield RF radiation, the sample inside the wire cage was shielded from 
RF radiation and plasma formation but not from exposure to hydrogen peroxide vapor or the heat 
generated by the plasma. The samples were treated with 0.208 mg hydrogen peroxide/liter at 2 • 10"® bar 
(1.5 Torr) pressure for 10 minutes. The treated samples were then exposed to 150 watts of pulsed plasma in 
a cycle of 0.5 milliseconds plasma on and 1,0 milliseconds plasma off for 15 minutes. The temperature of 

35 nylon blocks located inside and outside the wire cage was monitored with a Luxtron Model 1000A, 
FLUOROPTIC™ Thermometer. At the end of the plasma treatment the temperature recorded inside and 
outside the wire cage was 52.1X and 56.9X respectively. The sporicidal test results are presented in Table 
VIII. A control experiment with hydrogen peroxide vapor only was also run. 

TABLE VIII 

A comparison of sporicidal activity with hydrogen peroxide and heat and hydrogen 

peroxide and plasma 



Sporicidal activity 



Inside cage Outside cage 

Conditions (S/SO) (S/SO) 



H2O2 Vapor 4.2x10"^ 3.3x10"^ 

HaOa+Plasma 2.4x 1 0"^ 0»* 

Total kill of 3.0x10* spores. 

These results illustrate that significantly better sporicidal activity was obtained outside than inside the 
wire cage with the combination of hydrogen peroxide and plasma. The reduced sporicidal activity inside 
the wire cage should largely be due to the absence of plasma formation since similar sporicidal activity was 
obtained with hydrogen peroxide alone inside and outside the cage, and after plasma treatment the 
temperatures inside and outside the wire cage were similar. 



60 Claims 



1. A process of plasma sterilization by using hydrogen per xide as a precursor of the active sp cies in 
the plasma comprising the steps of: 

placing the item to be st rilized in a chamber, contacting the item with a hydrogen peroxide vapour for 
65 a pre-treatment time of between 5 and 30 minutes to allow the hydrogen peroxide to come in close 
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pr ximity with the Item, generating a plasnr^a around the it m, said plasma containing sp ricidally active 
speci s from hydrogen peroxide, and maintaining the item in said plasma for a perl d of between 5 and 60 
minutes to effect sterilization. 

2. The pr cess of claim 1 in which th hydrogen p roxide concentration in th chamber is at least 0.05 
5 mg per liter of chamber volume. 

3. The process of any of claims 1 or 2 if the plasma is pulsed. 

4 The process of claim 3 In which the plasma is pulsed in a power-on-power-off ratio of 1 :2. 

5! The process of any of claims 1 to 4 in which the concentration of hydrogen peroxide in the chamber 
is between 0.05 to 10 mg/liter of chamber volume. 
JO 6. The process of any of claims 1 to 5 in which the concentration of hydrogen peroxide is 0.208 mg/liter. 

7. The process of any of claims 1 to 6 in which the hydrogen peroxide and plasma treatment cycles are 
repeated. 
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Patentanspruche 

1. Verfahren zur Plasmasterilisation unter Verwendung von Wasserstoffperoxid als Vorstufe der 
aktiven Form im Plasma mit folgenden Stufen: . . ^ * ^ 

Einbrinqen des zu sterilisierenden Gegenstandes in eine Kammer, Kontaktieren des Gegenstandes mit 
Wasserstoff peroxiddampf wahrend einer Vorbehandlungszeit von 5 bis 30 Minuten, urn zu gewahrleisten, 
daR das Wasserstoffperoxid in unmittelbare Nahe des Gegenstandes kommt, Erzeugen eines Plasmas urn 
den Geqenstand, wobei das Plasma die sporizldaktive Form aus dem Wasserstoffperoxid enthalt, und 
Halten des Gegenstands in dem Plasma wahrend einer Zeit von 5 bis 60 IWlnuten zur Durchfuhrung der 

Stenhsation^^^^ nach Anspruch 1, in dem die Wasserstoff peroxidkonzentratlon in der Kammer mindestens 

25 0,05 mg/l Kammervolumen betragt. 

3 Verfahren nach Anspruch 1 Oder 2, in dem das Plasma gepulst ist. 

4 Verfahren nach Anspruch 3, in dem das Plasma in einem An/Ausverhaltnis von 1:2 gepulst ist 
5! Verfahren nach einem der Anspruche 1 bis 4, in dem die Konzentration an Wasserstoffperoxid in der 

Kammer von 0,05 bis 10 mg/l Kammervolumen betragt. 

6. Verfahren nach einem der AnsprOche 1 bis 5, in dem die Konzentration an Wasserstoffperoxid 0,208 

'"^^^^^Verfehren nach einem der AnsprQche 1 bis 6, in dem die Wasserstoffperoxid- und 
Plasmabehandlungszyklen wiederholt werden. 

Revendications 

1. Proc6d6 de sterilisation par plasma, en utilisant du peroxide d'hydrogSne comma pr6curseur des 
esoeces actives dans le plasma comprenant les etapes de: 

Placer I'objet a steriliser dans une chambre, mettre I'objet en contact avec une vapeur de peroxide 
d'hvdrogene pendant un temps de pre-traitement compris entre 5 et 30 minutes pour perniettre au 
oeroxide d'hydrogene de venir en 6troite proximite avec Tobjet, gen6rer un plasma autour de 1 objet, ledit 
Diasma contenant des especes actives en tant que sporicides provenant du peroxide d'hydrog6ne, et 
maintenir I'objet dans ledit plasma pendant une periode comprise entre 5 et 60 minutes pour effectuer la 

sterihsatioa^^ selon la revendication 1, dans lequel la concentration de peroxide d'hydrog6ne dans la 
chambre est au moins 0,05 mg par litre de volume de la chambre. 

3 Precede selon I'une des revendications 1 ou 2, dans lequel le plasma est pulse. 
4! Proc6de selon la revendication 3, dans lequel le plasma est puts6 avec un rapport courant en marche/ 

^"^S^ProclcTe selon i'une des revendications 1 a 4, dans lequel la concentration de p6roxide d'hydrogene 
dans la chambre est comprise entre 0,05 et 10 mg par litre de volume de la chambre. 

6. Precede selon I'une des revendications 1 h 5, dans lequel la concentration de peroxide d hydrogdne 

est de 0.208 mg par litre. , . 

7. Proc6d6 selon I'une des revendications 1 d 6, dans lequel les cycles de traitement par le p6roxide 

d'hydrogene et le plasma sent repetes. 
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